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Abstract 
In the machining process planning there is a need to develop technical solutions that facilitate and support the automation of 
operations, aimed at time-and cost-effectiveness. One of the key challenges is the ability to create an environment where 
information can be shared efficiently and securely. This paper introduces a conceptual model for sharing and integration of 
knowledge in process planning. The model includes e.g., an adaptation of the MOKA method extended with learning capabilities 
combined with process related data and information. In this context also a software for cutting tool data management and tool 
selection in the CAM system is presented and discussed. 
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1. Introduction 
Recent introduced business scenarios, i.e. Product 
Service Systems to meet higher customer value 
satisfaction level in a business to business situation 
places greater demands on the industry regarding 
flexibility and availability. New strategies, tools and 
methods must be developed to better support product 
innovation process in a global competition with respect 
to creation of cutting edge innovations with adequate 
quality, optimal cost saving and profitability, and 
availability of products and services. Today, there are 
not many manufacturing industries which alone can take 
responsibility for running the entire product 
development. Product and service development occurs 
more often in collaboration with partners with 
complementary skills. The efficient and lean 
collaboration between various stakeholders internally 
and externally, e.g., distributed teams, suppliers, 
customers, and partners requires higher level of 
standardization and automation, and an efficient 
integration of information and knowledge, technology 
platforms and common practices and policies [1]. 
Different approaches have been proposed to support 
efficient cooperation, e.g., Wang proposed a web-based 
approach for production process planning and process 
control  [2].  
Furthermore, complex IT environments as well as 
increased level of collaboration within and between 
companies set demands on proper utilization of models 
in the industrial processes [3], as well as efficient 
procedures and mechanisms for exchange of data and 
information. Here the use of international standards will 
play an important role. Several researchers have dealt 
with these issues. Rosén  [4] addressed the use of 
ISO10303 application protocols as base for an enterprise 
product data and information sharing environment. 
Nyqvist  [5] presented requirements and resulting 
information model with related reference data library, 
basis for ISO 13399, the international standard for 
representation and exchange of cutting tool information. 
Johansson  [6] addressed the need of using standardized 
information models for design of products, processes  
and manufacturing systems. ISO10303-214 was studied 
and changes of the standard have been proposed. 
Nielsen  [7] identified information requirements related 
to process planning in concurrent engineering 
environment and used Express for the information 
modeling. 
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Furthermore, since manufacturing process has a 
significant influence on flexibility, availability and 
profitability of product and services, it is crucial to 
analyze the manufacturability in an early stage of 
development process to avoid unnecessary loops and to 
shorten time to operation [8-13]. However, a 
considerable part of the manufacturing process consists 
of machining process. Among the key elements of 
production planning preparation is the selection of 
appropriate cutting tool assemblies for specific machines 
and components. A careful performed tool selection for 
the various features is essential to avoid collisions, 
achieve shorter operation time, setup time and quality, 
e.g., dimensional accuracy. Here, it is important to be 
able to re-use knowledge and information through digital 
models without the long search times in the catalogues 
and databases. In other words, automating the flow of 
knowledge is desirable in a way that allows access to the 
cutting tool providers’ solutions with appropriate tools, 
cutting process parameters and application expertise. 
This can save substantial time required for process 
planning to achieve higher quality and lower cost.  
In the present study different aspects and needs 
concerning re-use of data, information, knowledge 
sharing and exchange of digital models arising during 
production process planning are discussed. A conceptual 
model for knowledge integration in a process planning 
environment is also described. Furthermore, obstacles 
and needs with respect to exchange of information in 
process planning stage including aspects on availability 
of cutting tool information have been highlighted by an 
industrial case study. Finally, a software tool for 
efficient handling of cutting tools and information 
exchange based on international standard is presented. 
2. Knowledge development and integration strategies  
In order to promote efficient knowledge re-use and 
collaboration between various internal and external 
actors in a process planning stage, the flow of data, 
information and knowledge must be improved. Re-use of 
established knowledge in the form of technical 
platforms, handbooks, IT tools, digital models, etc. 
require proper methodologies (e.g. MOKA) as well as a 
harmonized IT environment where they can be shared 
safely, quickly and satisfactorily without the many 
hands-on. 
2.1. MOKA 
MOKA is an acronym for Methodology and software 
tools Oriented to Knowledge based engineering 
Applications. This methodology has been developed by 
a consortium of participants from industry and academia 
[16]. To distinguish the term “knowledge” from “data” 
and “information”, the consortium expresses that: 
“knowledge is information in context” and they describe 
the term KBE (Knowledge Based Engineering) as:  “The 
use of advanced software techniques to capture and re-
use product and process knowledge in an integrated 
way” [16]. The kernel of MOKA is the so called “MOKA 
life cycle” and contains the activities [16]; identify, 
justify, capture, formalize, package, and activate. A 
typical application of MOKA is e.g. a KBE tool to 
support engineering design work. 
2.2. Digital environment 
Digital manufacturing and use of digital models in all 
stages of product development process becomes 
increasingly important [14-15]. This implies that 
multiple domains of engineering knowledge and its 
associated IT tools need to interact with each other 
simultaneously. Fig 1. highlights some important 
activities related to the product development process. 
These are here grouped into the categories pre-process, 
in-process and post-process, with machining process as 
base line. Below these categories are further discussed.  
Pre – Process activities include here design, process 
planning and digital verification. In this stage of the 
product development process, many important decisions 
are made, for example regarding, suitable manufacturing 
processes and methods, clamping strategy, machining 
strategies, cutting tools and cutting data.  
Then, generation of tool paths in the CAM 
environment, post processing or CNC programming 
directly in the controller will be done. Simulation in 
early stages, e.g. to validate alternative solutions, 
verification of collision free tool paths etc. will play an 
important role to avoid costly late changes. Examples of 
data, information and knowledge to be handled are:   
x Knowledge about needs and requirements from 
stakeholders, e.g. customers and internal production. 
x Information about the product to be machined incl. 
geometry representation, features, tolerances, 
material, material conditions etc. (product model). 
x Information related to process planning including; 
manufacturing methods, clamping strategy, 
machining strategies, cutting data, tool paths etc. 
x Information about the resources needed for 
machining incl. cutting tools, machine tools, 
clamping equipment etc. (resource models). 
x Process knowledge, e.g., represented as process 
models describing the machining process (e.g. 
analytical, numerical, mechanistic models) as well 
as process models describing a work flow, e.g. 
IDEF0 models. 
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x Method knowledge to the corresponding 
engineering domains. 
In – Process activities are here related to machining 
e.g., generation of in-process data such as; cutting 
forces, power consumption, axis positions, spindle 
speed, feed rate, time, and  in-process measurements. 
Typical applications are process monitoring, adaptive 
control and data acquisition to superior systems e.g. for 
statistics and corrective actions. 
Post – Process activities include here collection of 
parameters related e.g. to critical dimensions/tolerances, 
surface finish, and tool wear parameters. These are 
followed e.g. by quality evaluation, feedback to 
upstream process steps, process improvements, as well 
as verification and validation of models and methods 
used. 
 
 
Fig. 1. Activities related to the product development process. 
2.3. A conceptual model for knowledge integration 
In process planning, as indicated above, many 
important knowledge areas are involved. Several factors 
and dependencies must be considered when developing a 
efficient and sustainable machining solution. All parts in 
the machining system need to be considered in a 
comprehensive way, which means that data and 
knowledge from many different but interlinked areas  
have to be captured, combined and analyzed. The 
complexity is high because of the very large amount of 
data of both static and dynamic character resulting in 
large data streams and the fact that data and information 
are from many different sources such as; PLM and 
manufacturing resource management systems incl. e.g. 
tool management [17], CAM, process planning systems, 
material databases, sensors, controllers, measuring and 
quality evaluation systems.  
Also uncertainty and variations in data must be 
considered, e.g., differences in material characteristics. 
In order to develop a knowledge system aiming at step 
by step increase level of automation in  process planning 
Fig. 2.  Conceptual model for knowledge integration in a machining 
process planning environment. 
 
processes with capability also to support prediction and 
optimization of machining process parameters and 
application strategies, a learning capability of the 
knowledge system has to be included where large in-
process data streams are used together with data, 
information and knowledge from pre- and post- process 
activities. In order to achieve this, the underlying 
methodology will be influenced. Fig 2. describes a 
conceptual model and framework proposed for 
knowledge integration in a machining process 
environment, based on an adaptation of the current 
available MOKA methodology put into a process 
planning context. Furthermore, the model includes links 
to external partners aiming at to facilitate collaborative 
scenarios. An example is exchange of cutting tool 
related data between supplier and customer. In a later 
section of this paper a software application for cutting 
tool data exchange based on ISO13399 is described.  
The adapted methodology includes a learning loop 
involving data and information from pre-process, in-
process, post-process activities (see previous section) 
and the sources mentioned above,  e.g.: 
x information about the product to be machined and 
resources needed for machining (product and 
resource models), 
x process models describing the machining process 
(e.g. analytical, numerical, mechanistic models) as 
well as process models describing a work flow, e.g. 
IDEF0 models, 
x in-process and post- process data. 
 
The learning loop includes three sub-loops: 
x quality assurance of captured data (e.g. captured in-
process machining data). This is needed in order to 
secure that models are built or adapted based on 
correct input data. 
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x validation and refinement of models (e.g. machining 
process models). This step means validation of 
current available models towards captured process 
data, followed with needed refinement of models. 
x verification and refinement of the knowledge 
software application based on the refined models. 
Among the expected benefits of this environment may 
include that the predictive models established through 
knowledge development and learning based on pre- 
process, in-process and post- process data, could be used 
in the process planning phase, e.g., for development of 
fine-tuned machining strategies. This up-stream activity 
will thus benefit from the learning loop in order to 
achieve as accurate and realistic results as possible.  By 
stepwise increasing the level of automation regarding 
data stream processing and the knowledge system itself, 
manual interactions will continuously be reduced. This, 
in combination with data from suppliers, may lead to 
increased efficiency, reliability and overall productivity.  
3. Collaborative process planning  
Collaboration within as well between companies has 
to be done in an efficient way. According to the Swedish 
technology foresight analysis the amount of 
collaborative activities are supposed to be increased 
ahead over time [18]. This is a typical scenario for 
companies enabling development teams at different 
sites. The need for efficient knowledge integration is 
then of vital importance for successful competition.   
3.1. Exchange of product data & standardization 
Referred to the industry needs, see chapter 4, a large 
amount of digital information has to be handled. In order 
to facilitate efficient exchange of information between 
different environments, systems and applications in 
collaborative scenarios, the use of standards will play an 
important role. Many efforts have been done within the 
standardization area, here some examples are given:  the 
development of STEP, ISO 10303 [19]. STEP – NC 
deals with communication of machining process 
information to CNC controllers, including product and 
process related information, e.g. product geometry, 
manufacturing features, operations, tool paths etc. [20]. 
Integration with tolerances and tool information has 
been demonstrated in [21]. In the field of cutting tools 
DIN 4000 and the recently developed ISO 13399-
1:2006(E) (related specifications and amendment 
released between 2004 and 2010) can be mentioned. 
 
In brief, ISO 13399 is based on a generally applicable 
information model and a reference data library, P-Lib 
and has capability to handle future types of cutting tools 
also including multi-function tools [5]. Overview, 
fundamental principles and general information model 
are described in [22]. 
4. Case study 
The purpose of the case study was to identify 
industrial needs regarding possible technical activities in 
a collaborative scenario, as well as data, information and 
knowledge related to manufacturing preparation. The 
case included an end-user company and a supplier 
company.  
4.1.  Case study description 
The case was performed at a typical medium size 
company (SME), with approximately 20 machining 
centers and CNC lathes. The components to be machined 
as well as machine tools, fixtures and quality evaluation 
routines were studied. One of their main needs was to 
reduce the cycle time in order to secure long term 
profitability requirement and competitiveness. 
In order to reflect the manufacturing preparation 
activities supporting this kind of collaborative scenario a 
conceptual process model was established. This is also 
reflecting current available methods and technologies. 
The process modeling was done based upon the IDEF0 
methodology. The activities were performed at the 
supplier company, Sandvik Coromant, facilitated by its 
own personnel and equipment as a part of the case. The 
most important parts of the process are shown in Fig 3. 
These include in this case operation planning, CAM-tool 
path generation, CAM-simulation, machine model 
creation, post processing and machine simulation. In 
parallel, development of measuring program for quality 
assurance in a co-ordinate measuring machine. Special 
attention is here drawn to the machining preparation 
activities related to CAM. The operation plans including 
two setups were established with support from in-house 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Process model 
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Fig. 4.  Mapping of input and output information. Activities in the 
dotted frame selected here for the time study.  
software. In the CAM environment simplified cutting 
tool models for simulation purpose were created for 14 
tools, including e.g. milling, drilling, and boring, special 
as well as standard tools. Profiles on DXF format could 
in most cases serve as basis for model creation. Then 
tool paths were generated followed by digital 
verification (CAM-simulation) and machine simulation.  
Analysis of the information need resulted in a map of 
input and output related to data, information and 
knowledge which is briefly summarized in Fig 4. 
The selected activities of the process were studied 
more in detail and actual time analyses served as input to 
the understanding of efforts needed in general and if a 
partner in this kind of collaboration context provides 
data, information and knowledge. 
4.2. Results 
The case study resulted in identification of pre-
process data, information and knowledge, Fig 3-4. The 
time study was focused on the work related to CAM 
preparation including visits and meetings, creation of 
cutting tool models for CAM, selection and generation of 
tool paths and related digital verification, problem 
solving. A careful selection of time parameters showed 
where the possible time saving and resource efficiency 
could be allocated during production planning process.  
The CAM related work was in total 121, 51 hours, 
including; visits and meetings: 46,15 hours, creation of 
cutting tool models for CAM: 20 hours, CAM: 47,36 
hours,  problem solving: 8,0 hours. 
It was concluded that creation of cutting tool models 
for simulation purpose (collision check) represented a 
considerable time of the CAM-related work in the 
studied activities.  
The findings from the case study call for need of 
development of frameworks including tools and methods 
for efficient collaboration and data management. 
5. Cutting tool data exchange and TLS 
In order to meet industrial needs to make cutting tool 
data available in the customers digital environment and 
simultaneously facilitate data exchange Sandvik 
Coromant took the initiative to develop the Tool Library 
Services (TLS), a software application using the 
international standard ISO13399. Fig 5. illustrates the 
user interface of the software prototype TLS. This 
software is intended to be a part of the knowledge 
integration framework, described in section 2.3. The 
main functions of TLS [23] are: 
x The Catalogue area; this is open for all cutting tool 
suppliers to load data about their cutting tools, 
x My items; contains tool items that are used by the 
end-user, 
x My assemblies; contains complete assemblies based 
on the items, 
x Assembly function.  
Data transfer of cutting tool parameters from the supplier 
will be done based on ISO 13399, solid models on STEP 
format and two-dimensional drawings on DXF format. 
For integration into e.g. CAM systems interfaces are 
needed.  TLS from Sandvik Coromant is developed in 
cooperation with TDM Systems and is planned to be 
launched at selected customers on selected markets 
during 2012. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Cutting tool in Tool Library Services (TLS). TLS is intended to 
be a part of the knowledge integration framework. 
6. Discussion and conclusions 
Proper methods, models, software tools and 
mechanisms are needed for efficient exchange of data, 
information and knowledge, and to facilitate real-time 
interaction and collaboration. Needs and requirements 
with respect to data, information and knowledge related 
to pre-process activities of manufacturing process 
planning, were gained through the industrial case. This 
illuminated several aspects e.g.;  
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x a large amount of data, information and knowledge 
are involved in the process planning activities, which 
indicate need for efficient IT- tools, information 
models and product data exchange mechanisms, 
x proper and correct digital product data and models of 
parts, fixtures, machine tools, cutting tools for use in 
CAM and simulation environment are essential in 
order to obtain an efficient process-planning process, 
x considerable time can be saved if digital models 
ready for simulation exist and not have to be re-built 
from scratch, 
x errors that will lead to crashes and economical losses 
caused by collisions between cutting tool, fixture, 
work piece and machine can efficiently be detected 
and avoided by means of simulation technologies in 
virtual environment. 
A conceptual model and framework for knowledge 
integration involving data and information from pre-
process, in-process, and post-process activities has been 
proposed. The approach, based on an adaptation of the 
MOKA methodology, aims at to increase the level of 
efficiency, reliability and productivity in the process 
planning process. The proposed conceptual model for 
knowledge integration need to be further validated and 
explored. Various demonstrators in real industrial 
environments have to be utilized in order to validate 
functionality, usability, and efficiency of TLS and the 
proposed knowledge integration framework. 
Technologies to efficiently process large data streams, in 
particular related to in-process activities, need to be 
explored, followed by efforts to step by step increase 
level of automation in the knowledge integration 
framework. Internet-based collaboration tools in 
manufacturing supply chain could be seen as a lever to 
enhance availability and flexibility with respect to 
information sharing [24-25]. Utilization of international 
standards will facilitate information exchange in 
complex IT environments including e.g. many different 
software platforms. TLS serve as example of a software 
tool using international standards. Its purpose is to 
support information exchange and facilitate 
collaborative scenarios. 
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